SUMMARY: Bacterial meningitis is a serious threat to global health, particularly in developing countries. The aim of this study was to determine the etiological agents of acute bacterial meningitis, its clinical features, and antibacterial susceptibility among Iranian children who were admitted to a referral regional children's hospital. Laboratory data as well as symptoms and signs on admission, organism identification and antibiotic susceptibility results, physical examination findings, and neurologic features of 31 patients with suspected invasive bacterial infection were evaluated, of which 20 (64.5z) had positive cerebrospinal fluid (CSF) cultures. The microorganisms most commonly associated with bacterial meningitis in children were Streptococcus pneumoniae (7 isolates, 22.5z), Haemophilus influenzae (3 isolates, 10z), and Neisseria meningitidis (3 isolates, 10z). In our study, the rate of mortality and sequelae were 10z and 35z, respectively. Ventriculomegaly hydrocephalus was found in 1 case positive for Mycobacterium tuberculosis meningitis, while other signs of meningitis were negative. According to our results, abnormalities including brain edema, subdural effusion, microabscess, and ventriculomegaly hydrocephalus were observed in 50z of the patients with confirmed bacterial meningitis; therefore, identification of predictors of early neurological complications is highly recommended. In addition, CSF culture using the BACTEC automated system is recommended for detection of the etiologic agents of bacterial meningitis, particularly in a population like ours, in which the patients receive a course of antibiotics without prescription.
INTRODUCTION
Bacterial meningitis is considered as a serious health threat throughout the world, particularly in developing countries and continues to remain among the 10 leading causes of childhood death in developed countries (1) . Therefore, early diagnosis followed by immediate antibiotic therapy is imperative to achieve favorable treatment outcomes (2) . Although findings of cerebrospinal fluid (CSF) analysis are important in the differential diagnosis of patients suspected with meningitis (3), dilemmas exist because CSF analysis is not always diagnostic (4) . Despite the existence of several diagnostic methods, such as macroscopic evaluation, latex agglutination, and bacteriologic evaluation (1), CSF culture is considered as the gold standard for diagnosis of bacterial meningitis.
There are several reports on frequent groups of organisms recovered from CSF cultures obtained from patients with bacterial meningitis in Iran (5) (6) (7) . Although almost all pathogenic microbes have the potential to cause meningitis (8) , Neisseria meningitidis, Streptococcus pneumoniae, and Haemophilus influenzae type b are most commonly associated with bacterial meningitis (9) (10) (11) and account for 75z-80z of cases of acute bacterial meningitis (1) . Hence, prompt diagnosis of bacterial meningitis and microbiological identification are key determinants of a successful antibiotic therapy. The aim of the present study was to determine the etiological agents of acute bacterial meningitis, its clinical features, and antibacterial susceptibility among Iranian children who were admitted to a referral regional children's hospital.
MATERIALS AND METHODS
We retrospectively analyzed medical records of children (age, 5 months to 10 years) suspected with meningitis, who were admitted in a referral regional children's hospital in Tehran, Iran, with highly specialized wards from August 2009 to February 2011. Only patients who underwent a lumbar puncture and had sufficient clinical documentation were eligible for the inclusion to our study. Inclusion criteria in this study were the presence of a clinical image compatible with diagnosis of meningitis and laboratory findings including bacterial isolation in CSF, leukocyte count of À10 × 10 6 /L, glucose º4 mmol/L, and protein À100 mg/dL (12) . Caserecord forms were used to collect patient demographic data, including symptoms and signs on admission; laboratory information including cell counts, Gram character, biochemical tests for glucose and protein, Creactive protein (CRP) levels, organism identification, and antibiotic susceptibility results; physical examination findings; neurologic findings; and treatment outcomes at discharge. Neuroimaging studies were used to identify and monitor complications of meningitis, such as hydrocephalus, subdural effusion, microabscess, ventriculomegaly, and brain edema. All children underwent neurological examinations to assess neurological sequelae by a trained doctor. Possible hearing loss in patients was assessed by an experienced pediatric audiologist using auditory brainstem response (ABR) method. All the collected data were numerically coded to ensure patient anonymity. CSF was obtained by lumbar puncture and transported immediately to our microbiology laboratory for microscopic analysis, cell counts, and biochemical analysis. CSF samples were inoculated simultaneously into BACTEC medium and processed using the BACTEC 9120 system instrument (Becton Dickinson & Company, New Jersey, N.J., USA). Antibiotic susceptibilities were determined by the disc diffusion method on Mueller-Hinton agar and interpreted according to the Clinical and Laboratory Standards Institute guidelines (13) . In this analysis, an isolate was defined as``resistant'' if it exhibited either an intermediate or a high level of resistance. Blood samples were cultured on blood agar, chocolate agar, or MacConkey agar plates depending on the results of Gram staining. Pathogens in the CSF or blood cultures were processed and identified according to standard techniques. Urine was cultured on enriched chocolate agar and MacConkey media. All bacterial isolates were identified using conventional biochemical methods (14) .
RESULTS
In our study, among the 31 patients with possible invasive bacterial infections, 20 (64.5z) had positive CSF cultures. Characteristics of the study population based on isolated pathogens are shown in Table 1 . The mean patient age was 2.39 ± 0.4 years (range, 5 months to 10 years). Among all patients, 22 (71z) were males, and the male to female ratio was 2.4. The highest frequency of bacterial meningitis was observed in children º2 years (15/20, 75z) . This study showed that the microorganisms most frequently isolated from children were S. pneumoniae (22.5z), H. influenzae (10z), and N. meningitidis (10z), whereas no bacterial pathogen was identified in 35.5z of presumptive bacterial meningitis cases. The mean CSF leukocyte count was 14735.48 ± 417.02 cells/mm 3 , and 45z of patients presented with a CSF leukocyte count of À100 cells/mL. Blood cultures were positive in 11 patients (55z) that had positive CSF cultures. The isolated bacteria included S. pneumoniae (4 cases), H. influenzae (2) Classic symptoms and signs of bacterial meningitis in culture-positive patients are presented in Table 2 . Table 2 ). In addition, 40z (8/20) of patients had an abnormal ABR. Ventriculomegaly hydrocephalus was found in 1 case with culture-positive for M. tuberculosis with no symptoms of the meningitis including fever, seizure, stiff neck, Kernig's sign, and Brudzinski's sign. In addition, the CRP level was lower than normal range, the CSF glucose concentration was 18 mg/dL, and the protein level was 150 mg/dL. Among the 20 patients with confirmed bacterial meningitis, 2 (10z) died and 7 (35z) exhibited sequelae including hearing impairment, visual and ocular prob- Table 2 lems, behavioral problems, and speech and language problems. All the 7 pneumococcal isolates were resistant to trimethoprim/sulfamethoxazole (SXT), 5 were resistant to penicillin, and 4 were resistant to ampicillin and ceftriaxone. All the 3 H. influenzae isolates were resistant to penicillin, and 2 were resistant to SXT. In addition, all of these isolates were susceptible to expanded-spectrum cephalosporins. Among the meningococcal isolates, 3 were susceptible to ampicillin, ceftriaxone, cefotaxime, ceftizoxime, and vancomycin. The S. aureus and coagulase-negative staphylococci isolates were susceptible to all antibiotics except SXT. The Haemophilus isolate was resistant to penicillin, ceftriaxone, and SXT. The Acinetobacter isolate was resistant to ampicillin, expanded-spectrum cephalosporins, and SXT. The Klebsiella isolate was susceptible to all tested antibiotics.
DISCUSSION
The identification of the bacterial causes of meningitis infections in developing countries is difficult due to the limited number of bacteriological culture facilities and lack of BACTEC automated culture system (15) . In the present study, we used the BACTEC culture system to improve the yield of clinically significant isolates from normally sterile body fluids and reduce the time required for microorganism detection (16) . In our study, similar to other pediatric series, the most important causative organisms of bacterial meningitis were S. pneumoniae, N. meningitidis, and H. influenzae (17) (18) (19) .
In a 10-year retrospective study in our hospital, 2.9z of CSF cultures were positive for bacterial growth of gram-negative bacilli and staphylococci, that were mainly coagulase-negative; thus, we considered these organisms as the most common causative agents of nosocomial meningitis (5) . In another study conducted at this center, culture identification by conventional methods showed that S. pneumoniae (38.7z), H. influenzae (35.5z), and E. coli (22.6z) were the most common causative agent of meningitis (6) .
Unlike viral meningitis, bacterial meningitis may have a rapid onset, leading to death and serious neurological sequelae (20) . Although highly effective antibiotics efficiently kill bacteria, mortality rates remain as high as 34z (21) , and as many as 25z of the survivors suffer from long-term sequelae (22) . In our study, the rates of mortality and sequelae were 10z and 35z, respectively. A previous study reported that neurological complications developed more frequently in patients who were infected with S. pneumoniae (23); however, in our study, among 7 patients with positive pneumococci culture, 3 developed neurological sequelae and 1 died.
In this study, 8 (40z) patients had an abnormal ABR. Similar to the report by Bedford et al. (13) , we found an increased risk of hearing problems among children following meningitis, particularly among those infected with S. pneumoniae, H. influenzae, and N. meningitidis.
Hence, the choice of antibiotic treatment should be sufficiently broad to cover these potential organisms. In our study, all H. influenzae strains were susceptible to 506 506 expanded-spectrum cephalosporins, which are considered as standard therapy since the emergence of b-lactamase-producing H. influenzae strains (24) . Moreover, most of the S. pneumoniae isolates were multidrugresistant probably due to inappropriate antibiotic usage. Therefore, it is recommended to add vancomycin to the initial empirical antimicrobial regimen of indicated for this disease (25) .
Although the peripheral leukocyte count, erythrocyte sedimentation rate (ESR), and serum CRP and protein levels are usually elevated in bacterial meningitis, they are of limited diagnostic value (2) . Laboratory data may not be completely useful in most cases with meningitis due to M. tuberculosis (26) . In 85z of patients with M. tuberculosis, the CSF glucose concentration is often lower than the normal range, while the CSF protein level may be increased (27) . In our study, ventriculomegaly hydrocephalus was found only in the patient with M. tuberculosis meningitis. This finding confirms the importance of clinical features, particularly neurological ones for differentiating acute bacterial meningitis from tuberculous meningitis. According to our results, abnormalities including brain edema, subdural effusion, microabscess, and ventriculomegaly hydrocephalus were observed in 50z (10/20) of the patients with bacterial meningitis; therefore, identification of predictors for early neurological complications is highly recommended.
The findings of this study provide information regarding the clinical features of bacterial meningitis in children. However, further investigations are needed to define the predictors of neurological complications and identify patients who would require more intensive care and treatment. In addition, CSF culture using the BACTEC automated system is recommended for detection of the etiologic agents of bacterial meninigitis, particularly in a population like ours, in which patients receive a course of antibiotics without prescription.
Conflict of interest None to declare.
